Background: Time-to-event data with 2 or more types of endpoints are found in many epidemiologic settings. Instead of treating the times for one of the endpoints as censored observations for the other, we present an alternative approach where we treat competing events as distinct outcomes in a mixture. Our objective was to determine if and how the mixture was modified in response to an intervention. Methods: We used a mixture of generalized gamma distributions to concatenate the overall frequency and distribution of the times of 2 competing events commonly observed in critical care trials, namely (1) unassisted breathing followed by discharge home alive and (2) in-hospital death. We applied our proposed methods to data from 2 randomized clinical trials of critically ill patients. Results: Mechanical ventilation with lower tidal volumes modified the mixture (P ϭ 0.103) when compared with traditional tidal volumes by lowering the overall frequency of death (P ϭ 0.005), rather than through affecting either the distributions of times to unassisted breathing (P ϭ 0.477) or times to death (P ϭ 0.718). Likewise, use of a conservative versus a liberal fluid management modified the mixture (P Ͻ 0.001) by achieving earlier times to unassisted breathing (P Ͻ 0.001) and not through affecting the overall frequency of death (P ϭ 0.202) or the distribution of times to death (P ϭ 0.693).
T ime-to-event data with 2 or more types of endpoints are found in many epidemiological settings and are commonly analyzed using methods for competing risks. [1] [2] [3] A competing risk is defined as an end point that precludes the observation of another event. 1 An example of data with competing risks is found in studies of critically ill patients who require mechanical ventilation, where observation of important clinical events such as recovery of the ability to breathe without assistance is precluded by the competing event of death. The most common approach for the analysis of data with competing risks is to treat the times for one of the endpoints as censored observations for the other. This approach is closely linked to the use of semi-parametric models for the analysis of cause-specific hazards under a proportionality assumption. [1] [2] [3] The act of censoring the competing event is also an attempt to be linked to the causal question and the counterfactual outcome of "what would be the distribution of times to unassisted breathing had nobody died?" Questions of this sort are problematic not only in the context of our example but also in other epidemiologic settings where it is unrealistic to expect that any of the competing events, such as death in the intensive care unit, would never occur or that the competing event could be completely prevented by an intervention. Interventions in such settings are designed to modify the mixture of the 2 competing events toward a more favorable health outcome, such as reducing overall mortality, achieving unassisted breathing at earlier times, or both. Analytic methods that measure how the mixture is modified according to an intervention are important because they provide the basis for a flexible predictive model in the setting of competing risks such that several different measures of association, including those based on cause-specific hazards, can be derived and their departure from null results can be assessed. Such methods should simultaneously incorporate all the competing events as bona fide outcomes and not simply as one event censoring the other.
The purpose of this paper is to describe an application of a mixture of parametric survival distributions for the analysis of time-to-event data with competing risks, which is an approach previously used in several areas of epidemiologic research. 4 -9 Specifically, we treat competing events as distinct outcomes in a mixture of parametric survival distri-butions and use the 3-parameter generalized gamma distribution 10 to summarize the times to events. We demonstrate the value of our approach using data from 2 clinical trials in mechanically ventilated, critically ill patients with acute lung injury, 11, 12 in which there were 2 competing events, namely unassisted breathing and in-hospital death. Our inferential objective was to determine how the mixture of unassisted breathing and death changed as a result of 2 distinct protocoldriven interventions which were assigned randomly in the setting of a clinical trial. We did not attempt to make inferences about the causal effects of treatments, for which there are well-developed methods based on the concept of principal stratification and the estimation of survivor-average causal effects. [13] [14] [15] [16] [17] Instead, on the basis of an appropriate goodness-of-fit of our proposed models, we provide a full description of all components in the mixture and we characterize how interventions modify the mixture. Of particular interest is to jointly contrast the cumulative percentages of patients who achieved unassisted breathing and the cumulative percentages of patients who died at different times after randomization according to treatment arms.
METHODS

Study Sample
We used data from 2 clinical trials conducted by the National Institutes of Heath (NIH) Acute Respiratory Distress Syndrome Network investigators. 11, 12 The first clinical trial randomized 861 patients to either a traditional tidal volume strategy (mechanical ventilation with tidal volumes of 12 mL per kilogram of predicted body weight and end-inspiratory plateau pressure Ͻ50 cm water) or a lower tidal volume strategy (mechanical ventilation with tidal volumes of 6 mL per kilogram of predicted body weight and plateau pressure Ͻ30 cm water). The second clinical trial randomized 1000 patients to either a fluid liberal strategy (central venous pressure goal of 10 -14 mm Hg or pulmonary artery occlusion pressure of 14 -18 mm Hg) or a fluid conservative strategy (central venous pressure goal Ͻ4 mm Hg or pulmonary artery occlusion pressure Ͻ8 mm Hg).
Competing Events
Our analyses had 2 competing events, unassisted breathing followed by discharge home alive and in-hospital death. Uncensored observations correspond to either the time when a patient achieved unassisted breathing and was subsequently discharged home alive with unassisted breathing or to the time when a patient died in the hospital.
There were some patients for whom the date of unassisted breathing could not be precisely determined, but the only information available was that it occurred between the last date a person was known to be on mechanical ventilation and the date the patient was discharged home alive with unassisted breathing. We handled these observations as in-terval-censored data. In addition, few patients were rightcensored because they were neither discharged nor had died by the end of the study, but the day of their last follow-up was recorded. The time at which these patients were right-censored varied according to the type of competing event and by clinical trial. Specifically, in the tidal volume trial, times to unassisted breathing were collected only up to day 28. Thus, we censored putative days to unassisted breathing at 28 days, but we censored days to in-hospital death at the last day of follow-up. In the fluid management trial, times to unassisted breathing and times to death were collected for the duration of follow-up, and hence we censored both the times to unassisted breathing and death at the last day of follow-up.
Biostatistical Methods
In our analysis, the event of interest was unassisted breathing followed by discharge home alive and the competing event was in-hospital death. If is the proportion of the total population of patients who achieve unassisted breathing and 1-is the complementary proportion of patients who died in the hospital, we used a mixture according to and 1-of 2 generalized gamma(GG) distributions to model times to unassisted breathing and times to death. 10 We chose the 3-parameter GG distribution (␤ for location, for scale, and for shape) for this application because this parametric distribution can flexibly accommodate various shapes of hazard patterns. We modeled the times to unassisted breathing with a GG distribution with density f(t), and the times to death with another GG distribution with density g(t). Hence, if T denotes the time to either unassisted breathing or death, the proportion with T Ͻ t is given by:
where F and G were the survival functions corresponding to the f and g densities, respectively; ͓1 Ϫ F͑t͔͒ is the cumulative incidence of unassisted breathing and ͑1 Ϫ ͒ ͓1 Ϫ G͑t͔͒ is the cumulative incidence of death. In Table 1 , we describe the types of observed data and corresponding expressions for the contributions to the likelihood function in terms of , the densities f (t), and g (t) (for uncensored data), and the survival functions F (t) and G (t) (for censored data). The mixture approach appropriately incorporated different types of incomplete data due to study design or conduct.
For the tidal volume trial, study group "0" was the 12 mL/kg strategy (reference) and study group "1" was the 6 mL/kg strategy. For the fluid management trial, study group "0" was the liberal strategy (reference) and study group "1" was the conservative strategy. Hence, for each study group i ϭ {0, 1}, we described the distribution of times to unassisted breathing with 3 parameters i ϭ {␤ i , i , i }, the distribution of times to death with another 3 parameters i * ϭ {␤ i * , i * , i * }, and the overall probability of unassisted breathing ( i ) with 1 parameter, for a total of 7 parameters for each study group. The full model for the 2 study groups had 14 parameters.
We used maximum likelihood for parameter estimation and the likelihood ratio tests to compare nested models. The first 2 tests were fully supported by the randomization assignment. First, we performed an omnibus test to determine if there were any differences in either the overall frequency or the distribution of times in any of the competing events between study groups (H 0 : 0 ϭ 1 and 0 ϭ 1 and 0 * ϭ 1 * vs. ). Second, we tested for differences only in the overall frequency of the competing events between study groups (H 0 : 0 ϭ 1 and 0 1 and 0 * 1 * vs. H A : 0 1 and 0 1 and 0 * 1 * ). We defined the relative risk (RR) of unassisted breathing of study group "1" to study group "0" as the ratio of probabilities of unassisted breathing ͩ 1 0 ͪ , and the RR of death of study group "1" to study group "0" as the ratio of probabilities of death
The third set of comparisons tested whether the relative cumulative incidence (RCI) of unassisted breathing defined as
and, simultaneously, whether the RCI of death defined as
1 at any time after randomization. Because the cumulative incidence of one event excludes the participants who previously experienced the other event, the ratio of cumulative incidences of unassisted breathing and the ratio of cumulative incidences of death between study groups should be examined jointly (eg, simultaneously depicting them in a graph). The fourth set of comparisons characterized differences in the conditional distributions of times of the 2 competing events between study groups. Specifically, we compared 1 of the 1 percent of participants who achieved unassisted breathing to 0 of the 0 percent who did so in the reference group; and, simultaneously, we compared 1 * of the 1Ϫ 1 percent of participants who died to 0 * of the 1Ϫ 0 percent who did so in the reference group. A limitation of this last set of comparisons is that they are performed on the subsets of survivors and nonsurvivors and do not follow the original randomization assignment.
For the calculations of confidence intervals, we used 1000 bootstrap replicates to obtain percentile-based 95% percent confidence intervals (CIs). 18 The 95% bootstrap CIs closely corresponded to estimates based on the delta method, which can be implemented for the mixture model using PROC NLMIXED in SAS (SAS Institute Inc., Cary, NC).
Analyses were conducted in R (R Foundation for Statistical Computing, www.r-project.org). Software to fit these types of mixture models is not commercially available; however, publicly-available algorithms at the Johns Hopkins STATEPI website (www.statepi.jhsph.edu) greatly facilitate the development of maximum likelihood procedures in R, STATA (StataCorp, College Station, TX) or SAS (SAS Institute, Cary, NC).
RESULTS
We summarized baseline characteristics for both clinical trials in Table 2 . There were no differences in age, sex, APACHE III, baseline plateau pressure, and PaO 2 /FiO 2 (ratio 
Clinical Trial Observation
Likelihood Contribution
In General
In Terms of the Mixture Model
Tidal volume Achieved unassisted breathing at day t Ͻ 28
On mechanical ventilation at 28 d and discharged on day c Ͼ 28
On mechanical ventilation at 28 d and alive in the hospital at day c Ͼ 28
Fluid management
Achieved unassisted breathing at day t
On mechanical ventilation at t * days but discharged on day t
On mechanical ventilation and alive in the hospital at c days of partial pressure of oxygen in arterial blood to fraction of inspired oxygen) between the 2 study groups in either clinical trial. 11, 12 Tidal Volume Trial
The mixture of generalized gamma distributions summarized the cumulative incidence of unassisted breathing in the 12 mL/kg strategy with 0 ϭ {2.19, 1.13, 0.09} and 0 ϭ 0.60, and in the 6 mL/kg strategy with 1 ϭ {2.20, 1.07, 0.34} and 1 ϭ 0.69; and it summarized the cumulative incidence of death in the 12 mL/kg strategy with 0 * ϭ {2.40, 1.03, 0.18} and ͑1 Ϫ 0 ͒ ϭ 0.40, and in the 6 mL/kg strategy with 1 * ϭ {2.61, 1.02, 0.45} and ͑1 Ϫ 1 ͒ ϭ 0.31. To assess goodness-of-fit of the parametric models, we compared parametric and nonparametric estimates of the cumulative percentages of individuals in the tidal volume trial who either achieved unassisted breathing or died at various days after randomization ( Fig. 1 ). There was good agreement between the nonparametric and parametric estimates. The nonparametric estimates of the cumulative incidences of unassisted breathing stopped at day 28 because data on the times to unassisted breathing were not collected beyond that time period in this clinical trial. We present descriptive statistics of the observed outcomes in Table 3 .
The omnibus test resulted in a marginally significant difference between study groups (P ϭ 0.103; likelihood ratio tests). The overall estimated probability of death was 9% higher (top panel of Fig. 2 , P ϭ 0.005; likelihood ratio tests) in the 12 mL/kg strategy than in the 6 mL/kg strategy (40% vs. 31%, respectively). We show the 3 components of the mixture model in Figure 2 : the overall probability of unassisted breathing and its complement, the overall probability of death; the conditional times to unassisted breathing among survivors; and the conditional times to death. The conditional times to unassisted breathing and the conditional times to death were similar between study groups (center and bottom panels of Fig. 2 , respectively). The estimated median timeto-unassisted breathing among survivors was 8.6 days (95% bootstrap CI ϭ 7.3-10.3 days) in the 12 mL/kg strategy and 8.0 days (6.9 -9.3 days) in the 6 mL/kg strategy.
The ratio of cumulative incidences of unassisted breathing favored the 6 mL/kg strategy over the 12 mL/kg strategy at any time after randomization (P ϭ 0.03; likelihood ratio test). On average, the cumulative incidence of unassisted breathing was about 20% greater in the 6 mL/kg strategy than in the 12 mL/kg strategy (Fig. 3 ). The ratio of cumulative incidences of unassisted breathing of the 6 mL/kg to 12 APACHE indicates Acute Physiology and Chronic Health Evaluation; PaO 2 /FiO 2 the ratio of partial pressure of oxygen in arterial blood to fraction of inspired oxygen. mL/kg strategy was statistically significant by day 8 after randomization, at which time 21% more patients had achieved unassisted breathing in the 6 mL/kg than in the 12 mL/strategy (ratio of cumulative incidences of unassisted breathing of the 6 mL/kg to the 12 mL/kg strategy ϭ 1.21 [95% bootstrap CI ϭ 1.00 -1.49]). The relative risk of achieving unassisted breathing of the 6 mL/kg to the 12 mL/kg strategy was 1.16 (1.04 -1.29). The ratio of cumulative incidences of unassisted breathing of the 6 mL/kg to 12 mL/kg strategy was fairly constant and was not statistically different from the RR of unassisted breathing (P ϭ 0.477; likelihood ratio test). Similarly, the ratio of cumulative incidences of death of the 6 mL/kg to 12 mL/kg strategy was fairly constant and not statistically different from the RR of death ( Fig. 3 ; P ϭ 0.718; likelihood ratio tests). These findings are congruent with those shown in Figure 2 , whereby differences in the ratio of cumulative incidences of unassisted breathing were attributed to differences in the overall frequency of the competing events.
Fluid Management Trial
The mixture of generalized gamma distributions summarized the cumulative incidence of unassisted breathing in the liberal strategy with 0 ϭ {2.22, 0.81, Ϫ0.01} and 0 ϭ 0.68, and in the conservative strategy with 1 ϭ {1.80, 0.74, Ϫ0.44} and 1 ϭ 0.72; and it summarized the cumulative incidence of death in the liberal strategy with * 0 ϭ {2.71, 1.23, 0.35} and ͑1 Ϫ 0 ͒ ϭ 0.32, and in the conservative strategy with * 1 ϭ {2.47, 1.34, 0.16} and ͑1 Ϫ 1 ͒ ϭ 0.28. We show good agreement between parametric and nonparametric estimates of the cumulative percentages of individuals in the fluid management trial who either achieved unassisted breathing or died at various days after randomization ( Fig. 4) . We present descriptive statistics of the observed outcomes for this trial in Table 4 .
The omnibus test detected a significant difference in the overall frequency or timing in at least one of the competing events between study groups (P Ͻ 0.001; likelihood ratio tests). The estimated overall probability of death was 4% higher in the liberal strategy than in the conservative strategy (32% vs. 28%, respectively); however, this difference was not statistically significant (top panel of Fig. 5 , P ϭ 0.202; likelihood ratio tests). We show the 3 components of our Figure 5 . The conditional times to unassisted breathing were significantly longer in the liberal strategy than in the conservative strategy, whereas the conditional times to death were not (center and bottom panels of Fig. 5 , respectively). The estimated median time-to-unassisted breathing among survivors was 9.2 days (95% bootstrap CI ϭ 8.4 -10.1 days) for the liberal strategy and 6.7 days (6.2-7.4 days) for the conservative strategy. The ratio of cumulative incidences of unassisted breathing favored the conservative strategy over the liberal strategy at any time after randomization (P Ͻ 0.001; likelihood ratio tests). Shortly after randomization, the cumulative incidence of unassisted breathing was about 50% greater in the conservative strategy than in the liberal strategy (Fig. 6 ). The ratio of cumulative incidences of unassisted breathing was statistically significant by day 3, and favored the conservative strategy over the liberal strategy (ratio of cumulative inci-dences of unassisted breathing of the conservative to the liberal strategy ϭ 1.55 ͓95% bootstrap CI ϭ 1.13-2.64͔). That is, 55% more patients had achieved unassisted breathing by day 3 in the conservative strategy than in the liberal strategy. The ratio of cumulative incidences of unassisted breathing decreased thereafter, but remained statistically significant through day 28 after randomization (1.10 ͓1.01-1.20͔). The RR of achieving unassisted breathing of the conservative to the liberal strategy was 1.05 (95% bootstrap CI ϭ 0.97-1.14). The ratio of cumulative incidences of unassisted breathing of the conservative to the liberal strategy was statistically greater than the RR of unassisted breathing at some time after randomization (P Ͻ 0.001; likelihood ratio tests). Indeed, the ratio of cumulative incidences of unassisted breathing of the conservative to liberal strategy was greater than the RR of unassisted breathing in the first 12 days after randomization. In contrast, the ratio of cumulative incidences of death of the conservative to liberal strategy was not statistically different from the RR of death (P ϭ 0.693; likelihood ratio tests). These findings are congruent with those shown in Figure 5 , whereby patients in the conservative strategy achieved unassisted breathing earlier than patients in the liberal strategy, but that overall mortality was not affected between study groups.
DISCUSSION
There are several approaches that an epidemiologist can use to analyze time-to-event data when there are competing risks. The choice of approach depends on the inferential objective of the analysis. One approach is to use a composite event or an index, such as the ventilator-free days score. 19 For FIGURE 3. Ratio of cumulative incidences of unassisted breathing and death of the 6 mL/kg to the 12 mL/kg study groups in the NIH Acute Respiratory Distress Syndrome tidal volume trial for the first 28 days after randomization. The continuous, blue line depicts the ratio of cumulative incidences of unassisted breathing of the 6 mL/kg to 12 mL/kg study group. The dashed, blue lines correspond to a 95% bootstrap CI. A ratio of cumulative incidences of unassisted breathing of the 6 mL/kg to the 12 mL/kg study groups above 1 favors the 6 mL/kg strategy and below 1 favors the 12 mL/kg strategy. The blue circle corresponds to the RR of unassisted breathing of the 6 mL/kg to the 12 mL/kg strategy, and vertical blue line corresponds to its 95% bootstrap CI. The continuous, red line depicts the ratio of cumulative incidences of death of the 6 mL/kg to 12 mL/kg study group. The dashed, red lines correspond to a 95% bootstrap CI. A ratio of cumulative incidences of death of the 6 mL/kg to the 12 mL/kg study groups below 1 favors the 6 mL/kg strategy and above 1 favors the 12 mL/kg strategy. The red circle corresponds to the RR of death of the 6 mL/kg to the 12 mL/kg study groups, and the vertical red line corresponds to its 95% bootstrap CI. this approach, one can use standard statistical methods for the analysis of data; however, it does not provide any information on how an intervention or exposure differentially modifies the distribution of times and the overall occurrence of each competing event. FIGURE 6. Ratio of cumulative incidences of unassisted breathing of the conservative to liberal strategy of fluid management in the NIH Acute Respiratory Distress Syndrome fluid management trial for the first 28 days after randomization. The continuous, blue line depicts the ratio of cumulative incidences of unassisted breathing of the conservative to liberal strategy. The dashed, blue lines correspond to a 95% bootstrap CI. A ratio of cumulative incidences of unassisted breathing of the conservative to liberal strategy above 1 favors the conservative strategy and below 1 favors the liberal strategy. The horizontal, continuous, dark gray line corresponds to the RR of unassisted breathing of the conservative to the liberal strategy, and the light gray shaded area corresponds to its 95% bootstrap CI. The continuous, red line depicts the ratio of cumulative incidences of death of the conservative to liberal strategy. The dashed, red lines correspond to a 95% bootstrap CI. A ratio of cumulative incidences of death of the conservative to liberal strategy below 1 favors the conservative strategy and above 1 favors the liberal strategy. The red circle corresponds to the RR of death of the conservative to liberal strategy, and the vertical red line corresponds to its 95% bootstrap CI. A second approach is to use methods for competing risks, [1] [2] [3] in which the times of the competing event are treated as censored observations of the event of interest. This approach is used to compare cause-specific hazards for one of the competing events between interventions; however, it cannot be used to determine whether a difference is due only to a change in overall frequency or due only to a change in the distribution of times for this event. Furthermore, the assumption of proportionality of the cause-specific hazards may preclude the ability to determine if there are any true differences in the distribution of times between interventions of either end point.
A third approach is that of Fine and Gray, which has the attractive feature that it compares the subhazards associated with the cumulative incidence functions, but it is also subjected to proportionality of subhazards functions. 20 The Fine and Gray method makes the descriptive analysis using cumulative incidences congruent with the relative hazards from regression models of the subhazards functions, and it is widely available in commercial statistical packages, eg, STATA version 11.
A fourth approach is to use methods based on principal stratification for the estimation of survivor-average causal effects. [13] [14] [15] [16] [17] This approach is used to estimate causally interpretable differences between treatments, ie, differences in the distribution of times to unassisted breathing between study groups in the subgroup of patients who would have survived regardless of assignment to either study group. A drawback of this approach is that it relies on additional assumptions as some of the potential outcomes are de facto unobservable. Moreover, in the context of the survivor average causal effects, the assumptions required are often implausible. Thus, a sensitivity analysis is typically conducted to assess how large of a violation of the assumptions is necessary to completely eliminate the effect. 17 Our approach was to concatenate the 2 competing events as distinct outcomes in a mixture. 4, 6, 9 The inferential aim of this approach was to determine how the mixture of unassisted breathing and of death was jointly affected by an intervention. By incorporating parameters for the overall frequency and for the distribution of times of each competing event in the mixture, a full range of contrasts can be described under a unified regression approach based on different measures including: an omnibus test to determine if there are differences in either the overall frequencies or in the distribution of times of the competing events between study groups; differences in only the overall frequencies between study groups; differences in the subdistribution cumulative incidences of either competing event between study groups; and differences in the conditional hazards of either competing event between study groups. Both the omnibus test and the test of the overall frequencies follow the original randomization assignment and are therefore causally interpretable. Tests of the ratios of cumulative incidences of the competing events between study groups in settings in which the events can be viewed as mutually exclusive are causally interpretable because these comparisons are being made over the entire study sample; however, we stress that these need to be evaluated jointly to provide meaningful inferences. On the other hand, tests of the conditional hazards are not causally interpretable because they are performed on the subsets of survivors and nonsurvivors and do not follow the original randomization assignment. Our goal was to provide a descriptive framework to identify what components in a mixture were differentially affected by interventions in the setting of a randomized clinical trial. As we have presented here ( Figs. 1-3 for the tidal volume trial and Figs. 4 -6 for the fluid management trial), it is important to jointly interpret the multiple tests as it is possible that the omnibus test is not significant because only a component is different (eg, tidal volume trial); and conversely, that the omnibus test may be significant but only one component is different (eg, fluid management trial). Other inferential challenges may be present, such as a nonsignificant omnibus test because the components cancel each other. Causal inferences on potential outcomes are more appropriately achieved by principal stratification approaches.
The use of mixtures with 2 exponential distributions for the analysis of multiple failure types was originally proposed by Cox. 4, 5 Subsequent applications of mixtures have been used in epidemiologic studies of cancer and HIV/AIDS. 6 -9,21 Our proposed approach offers additional methodologic advantages over traditional methods for competing risks. First, it uses a flexible yet succinct, fully parametric approach that can accommodate different forms of censoring to model both the overall frequency and timing of 2 endpoints. In particular, our methods can incorporate partial information on patients for whom we do not have a date of discontinuation of mechanical ventilation, but who were discharged alive without unassisted breathing sometime between 28 days and the day of discharge. Not only can we incorporate different types of censoring with this method (Table 1) , but as evident from the contributions of the likelihood function, our approach does not handle an observed time of a competing event as a censored time for the event of interest, but rather as a distinct outcome in the mixture. Second, relative to nonparametric or semi-parametric approaches, a parametric model affords opportunities for increased efficiency and allows for the complete characterization of the variability of competing events between interventions. Third, in contrast to classic competing risks methods, 1-3 our model is more flexible because we do not need to assume proportionality of hazards. Indeed, in our analysis of the fluid management trial, the cause-specific hazards between the study groups did not fulfill the assumption of proportionality. A limitation of our approach is that the generalized gamma distribution may not appropriately summarize the times to events in all cases thus requiring more complex models. 6, 21 Hence, a graphical assessment of goodness-of-fit is imperative. Another limitation is that in the presence of substantial amount of censored observations, the estimation of the mixture probabilities could be unstable; in such cases, the Fine and Gray approach may be preferable.
An important difference between our approach and one based on the analysis of cause-specific hazards is that our approach provides a practical strategy to separate the effects of interventions on overall mortality from that on the timing of unassisted breathing under a single analytical framework. In this analysis, we report that the use of lower tidal volumes in patients with acute lung injury increased the overall chance of achieving unassisted breathing (ie decreased overall mortality), but did not affect the times to unassisted breathing when compared with traditional tidal volumes. In contrast, a conservative protocol for fluid management in patients with acute lung injury resulted in earlier times to unassisted breathing, but it did not increase the overall chance of achieving unassisted breathing (ie decrease overall mortality) when compared with a liberal protocol for fluid management. Such determinations cannot be accomplished with an analysis based on cause-specific hazards under a proportionality assumption.
In summary, we used a mixture of generalized gamma distributions to concatenate the times to events of multiple endpoints. Our approach does not treat one event as a censored observation of the other but instead as bona fide outcomes in a mixture. Unlike methods for competing risks, our approach is free of the assumption of proportionality and can be used to fully characterize differences in the overall frequency and timing of the competing events.
